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Regeneration of fore-limbs of amphibians has been a subject for many 
investigations since the beginning of this century. Thornton (1938) 
studied histogenesis of muscles in regenerating fore-limbs of Triturus 
viridescens. Thornton (19^2), Rose (19M0, and Hay and Fischman (i960 
studied the origin of the regenerating blastema. These investigators and 
many others agreed that a regenerating blastema is composed of de-differen­
tiated cells which are similar in nature to those cells of larval stages. 
Danes (19^9) investigated the growth and differentiation of tissues ob­
tained from Triturus in culture media. She reported that the tissues were 
suitable for i_n vitro studies. 
1 issue culture has provided a more physiological and stable method 
of studying disaggregation and reaggregation of cells in recent years. 
Many laboratories have applied varied techniques for tissue disaggregation 
as an approach to the problem of tissue architecture, cellular differentia­
tion, and embryonic inductions. The dissociative effect of ionically 
unbalanced solutions and those of high pH have been employed. Lately, 
enzymatic digestion alone or in conjunction with high pH levels have also 
been used to dissolve the matrices of the tissues and thereby liberate 
eel Is. 
Dissociation techniques have been used with various objectives in 
mind, oome investigators have studied only the reconstituent processes, 
as example, how far can a tissue be dissociated and still reorganize 
itself into a new cellular entity. Some have studied what events take 
place during the cellular interactions. Other investigators have been 
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primarily interested in maintaining cellular suspensions. In recent years 
tissue culture and cell disaggregation techniques have been used and are 
still being used in research for the cure of cancer. 
In this investigation, the tissue culture and cell dissociation 
techniques were used to study any similarities in the process of reaggre-
gation of dissociated regenerating blastema cells from adult Trlturus to 
those of dissociated cells from larval amphibia, as have been reported by 
many investigators. The rationale behind this investigation is as follows. 
It has been reported by many investigators that the regenerating blastema 
cells are similar in nature to those of the embryonic stages. Many inves-
tigators, Moscona (1952), Holtfreter (19^6), Moscona and Moscona (1952), 
and Feldman (1955) have reported that embryonic cells when dissociated and 
then cultivated in a favorable medium will reaggregate. If that is so, then 
the regenerating blastema cells should be capable of reaggregating when 
dissociated and explanted in a favorable medium. 
CHAPTER II 
REVIEW OF LITERATURE 
The histogenesis of the regenerating amphibian limbs has been the 
subject of several investigations. Towle (1901), Butler (1933), Thornton 
(1938), Rose (19M3), and Hay and Fischman (1961) dealt mainly with the 
changes which occurred in the limbs during regeneration, alterations in 
the cartilage and other tissues, and general differentiation of the blastema 
to form a new limb. 
Towle studied the regeneration of limb muscles of Plethedon cinereus 
and hinted that, in the cut muscles, there was an increase in the number of 
nuclei especially in the outer fibers of the regenerating limb. The outer 
muscle tissue became thinner, while the inner bundles remained little 
affected. Mitosis was not observed in the inner bundles. She reported 
that there were signs of disintegration of the muscles just above the am­
putated surface, ohe also observed that the growing end appeared as a small 
knob of undifferentiated tissue behind the cap of epidermis. Ksryokinesis 
unaccompanied by cytokinesis was common. In the outer muscle bundles, the 
fibers disintegrated leaving masses of nuclei with a small amount of cytoplasm. 
"Ihornton (1938) studied the histological changes which occurred in the 
limbs of larval Amblystoma punctatum and concluded that the regeneration 
blastema may be regarded as a structure made up of dedifferentiated cells 
of the limb tissues. The tissues were muscle, cartilage, nerve sheath, peri­
chondrium and possibly the general connective tissues. According to 
Thornton, the muscles of the regenerating limb were formed in two ways. 
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The shoulder muscles regenerated by means of terminal and lateral 
sarcoplasmic buds formed near the distal region of the muscle fibers; 
and those muscles of the limb region below the shoulder regenerated from 
the local aggregation of the blastema cells. 
Rose (19^8) presented some evidence that the limb epidermis 
transformed into blastema cells In Trlturus viridescens. He amputated the 
fore-limbs of adult Trjturus viridescens and allowed time for an epidermal 
wound epithelium to cover the surface of the amputation. The stumps were 
then immersed in a one per cent Nile blue sulfate solution for k5 minutes. 
After one day or two days, he observed that the wound epithelium at the 
periphery was almost colorless, whereas the central region was darkly 
stained. He also observed that, during the pre-blastema period, the dye 
concentrated in the epithelium and none was observed in the sub-epithelial 
tissues when the tips of the regenerating limbs were dissected and observed 
under a dissecting microscope. However, in the third week after amputation, 
blastema of undifferentiated cells appeared beneath the wound epithelium. 
When the wound epithelium was stripped from a young blastema, dye was still 
visible in the epithelium, but was also observed scattered throughout the 
sub-epithelial portion of it. He reported that this indicated that cells 
left the epidermis and migrated into the blastema. 
Thornton (1956) transplanted fore-limbs of Amblystoma larvae to the 
dorsal fin along with the spinal cord segments and observed that the limbs 
were innervated with the nerve fibers derived from the spinal cord explants. 
It was demonstrated that these foreign nerves invaded the wound epithelium 
and apical caps formed which were histologically similar to those found 
over the wound surfaces of the limbs regenerating under the influence of a 
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normal peripheral innervation. He observed that those limbs which were not 
innervated did not form an apical cap. He, therefore, proposed that 
the failure of apical cap formation was due to the absence of nerves in 
the wound epithelium. 
Thornton (1957) removed apical epithelia daily from the limb stumps 
of Amblystoma punctatum and Amblystoma tiqrinum larvae. He reported that 
a daily removal of the apical epithelia from the limb stumps of Amblystoma 
punctatum larvae failed to prevent regeneration, while the removal of the 
same from Amblystoma tiqrinum larvae prevented the regeneration of the 
limbs. However, regeneration was retarded in the case of Amblystoma 
punctatum larvae. In i960 he induced the epidermal cap of regenerating 
fore-limbs of larval Amblystoma to become eccentrically located at distal 
border of the amputation surface by means of skin excision (one-half 
millimeter long and one-third millimeter wide) just behind the edge of 
the amputated surface. There was healing of the epithelial wound by epi­
dermal migration. There was a great migration of epidermal cells which 
covered the amputated surface of the wound. Thus, carried with it, the 
epidermal cap to the postaxial border of the limb tip. Blastema cells 
aggregated beneath the eccentric epidermal cap to form a correspondingly1 
eccentric blastema which developed into an asymmetrical regenerate. 
In an attempt to determine the origin of the blastema cells, Hay and 
Fischman (1961) did several experiments with Triturus viridescens. In the 
first series of experiments, they determined at what period of regenera­
tion the limbs exhibit additional DMA synthesis. In their observations 
they found that the synthesis began from four to five days post-amputation. 
In the second series of experiments, they treated the limbs with tritiated 
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thymidine (five, ten and 15 days post-amputation). They observed that 
almost all blastema cells which appeared subsequently were labeled. In 
the third series of experiments, the animals were injected with tritiated 
thymidine before their limbs were amputated, and in this way observed that 
only the epidermis was labeled. After the limbs had been amputated, they 
observed that the labeled epidermal cells migrated over the wound surface. 
However, they observed that the apical cap remained well labeled throughout 
the formation and growth of blastema. From these observations, they 
speculated that the blastema cells did not come from the epidermal cap. 
Emerson (19^*0) grafted several regenerating tissues from Rana pi pi ens 
and Rana clamitans larvae to various growing tissues of embryos. He 
observed that some of the grafted tissues grew under the influence of their 
hosts. He, then, concluded that young regenerating tissues were quite 
plastic and were able to respond appropriately to changes in their cellular 
environment. Such responses were regarded as quite similar to those of 
embryonic tissues during induction. This suggested that the blastema may 
respond, to some extent, to embryonic inductions and may also act as 
embryonic tissue. 
A lot of work has been done since the beginning of this century on 
the morphological and physiological aspects of embryonic tissues. In 
recent years, vario.s techniques have been developed for disaggregating and 
reaggregating, mostly embryonic cells, from their tissues as reported by 
Holtfreter (19^3), Feldman (1955), Moscona and Moscona (1952), Rinaldini 
(1959), Martignoni, Zitcer and Wagner (1958), and Weiss and Moscona (1958). 
Holtfreter (19^3) first demonstrated that embryonic amphibian tissues 
could be disaggregated into separate cells by subjecting the tissues to a 
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high level alkalinity. He exposed amphibian gastrulae or neurulae to 
high pH level in a standard salt solution and observed that at a pH o f 
9.6 or greater the surface coat became soft and partially dissolved. 
Within a few minutes, the surface broke and disruption followed. Disin­
tegration set in and continued until there were small dark islets surround­
ed by much larger white interfaces. Feldman (1955) attempted to use the 
technique used by Holtfreter and reported that he was unsuccessful. 
Feldman observed that when Holtfreter's technique of dissociation was used, 
the dissociated cells failed to reaggregate. Moscona and Moscona (1952) used 
trypsin, but Feldman found that trypsin was not very effective and when 
dissociation was achieved by digesting the tissues in trypsin, the cells 
did not aggregate effectively. Kookerjee (1953) noted that when cells 
were dissociated at pH 9.6 they rounded up and when they were over exposed 
to the alkaline medium, the permeability of their cell surfaces increased 
and large particles leaked out through their membranes. A complete disin­
tegration occurred shortly afterwards. 
Auerbach and Grobstein (1958), Moscona and Moscona (1952), Wolf and 
Quimby (1961*), And air (1961), Weiss and Moscona (1958) reported that they 
found good results in dissociating tissues with trypsin. Wilde (1950) and 
Feldman (1955) reported that they were much more successful in getting 
tissues to dissociate by using sodium citrate. Rinaldini (1959) reported 
that the use of trypsin was successful, but the enzyme elastase extracted 
from the pancreas was much more effective and efficient and yet caused no 
damage to the cells. Townes and Holtfreter (1955) noted that when dissocia­
tion was done at a pH higher than ten, excessive slimy material was released 
and some of the cells ruptured and this made reaggregation impossible. 
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Weiss and Andres (1952) dissociated chick embryos mechanically in Tyrode's 
solution. The embryos were placed in a special crucible and crushed with 
a pestle. The material was then sucked repeatedly in and out of a fine 
pipette for further dissociation. 
Wolf and Quimby (1964) reported that the cells from a bullfrog larva 
(Rana catesbeiana) could not withstand direct explantation at any tempera­
ture above 25°C. At 25°C the cells attached to the cover glass and under­
went mitosis. However, it was found that the cells grew well at various 
degrees ranging from four degrees centigrade to 37°C provided they were not 
directly explanted at a temperature above 25°C. Optimal temperatures for 
growth varied from 12.5°C to 19.0°C. 
Tozer and Pirt (1961;) found that calf serum had a growth promoting 
factor on the suspended cells from the sub-cutaneous tissue of the rabbit 
when explanted, Danes (1949) and Weits and Moscona (1958) used chick plasma 
and extract. Holmes (1914) used plasma from amphibians and pointed out 
that the epithelial cells of amphibians did not wander out from the explant 
unless they were cultivated in a medium which was firm in its constituency. 
There was no outgrowth when the plasma failed to coagulate around the tissue, 
however, the cells stayed alive for a long period of time. 
Spiegel (1954b) investigated the role of specific antigens on adhesion 
of cells from Rana pi piens and Triton alpestris embryos. The tissues were 
subjected to one per cent KOH and separated from each other with a glass 
needle. The cells were washed three times in a balanced salt solution as 
suggested by Holtfreter in 1931. The cells were then subjected to anti­
serum and he observed that it inhibited reaggregation of ectodermal and 
endodermal cells from Rana pi pi ens, while it had no effect on cells from 
9 
Trition alpestris. He observed that ectodermal cells were first distributed 
randomly within the aggregate but later they moved outward and formed a 
sheath-like patch. 
According to Bell (1965)* Holtfreter observed that there were two 
kinds of movements in a mixture of dissociated cells. The inward move­
ment was manifested by the cells from the neural plate or by the 
mesodermal cells whir.h had been fixed with epidermal or endodermal cells. 
The outward movement or peripheral spreading was manifested by epidermal 
cells, and to a lesser extent by the endodermal cells. Tissue fragments 
from various layers also exhibited similar movements. 
Holtfreter (19^6) noted that, when embryonic amphibian cells were 
Isolated in an isotonic salt solution, they formed pseudopodia of various 
shapes periodic movements were observed which resulted in cellular locomo­
tion. However, Townes and Holtfreter (1955) reported that the ameoboid-
Hke locomotion of the cells played a minor role in the process of adhesion 
and reaggregation because the cells moved too slowly and irregularly. 
Holtfreter (19^) and Townes and Holtfreter (1955) reported that 
dispersed cells from early amphibian gastrulae and neuralae stages united 
indiscriminately with any other cellsj the cells later separated and sorted 
out according to tissue specificity. Moscona (1952) also observed the sort­
ing out of cells according to tissue specificity. 
Weiss and Moscona (1958) dissociated precarti lagirtous blastemas of 
chick limb-buds (three-and one-half to four-days-old) and chick sclera 
(six-to-seven-days-old) into their constituent cells. The cells from each 
type were allowed to settle and re-associate in a liquid tissue culture 
medium. The newly established groups were cultivated on plasma clots 
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in vitro. Both types of cells produced cartilage, each according to the 
specific patterns characteristic of its origin. Limb-bud mesenchyme 
formed lumpy nodules with wort-shaped cell arrangements, which eventually 
gave rise to masses of cartilage similar to those found in the normal 
appendicular skeleton; whereas prescleral mesenchyme formed flat plates 
with a pseudostratified texture, much like normal scleral cartilage. 
They suggested that the individual cells of each cartilaginous type had 
possessed, at the time of their dissociation, distinctive properties which 
included a type-specific rule of assembly and subsequent growth. This 
enabled them eventually to collectively elaborate a supercellular 
architecture of the same type as that which they would have formed had 
they been left undisturbed. 
Tissue dissociation and the subsequent restitution of the body form 
have been studied extensively since the publication of Wilson (1907)* 
ilson first demonstrated that if a sponge was mechanically dissociated 
by being squeezed through bolting cloth into isolated cells, the isolated 
cells formed a number of reaggregates within a day or so. Galtsoff (1923, 
'925) studied the effects of various experimental conditions on the re-
aggregation process and attempted to express these processes in a 
quantitative manner. 
Spiegel (lS54a) studied the effects and roles of antigens and 
calcium ions in the reaggregation of dissociated cells of two marine 
sponges, Microciona prolifera and Cliona celata. It was reported by 
Spiegel that when monovalent cations were used as the sole component of 
the salt solution, the cells failed to reaggregate, not because they were 
dead or lacked adhesiveness, but because they had lost their ability to 
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move. The cells suspended in a versene solution remained alive but iso­
lated. However, he concluded that calcium free and high calcium media had 
no substantial effect on reaggregation of sponge cells. 
Galtsoff (1923) used several species of sponges for investigations 
and observed that when Microciona was dissociated by squeezing the sponge 
through bolting silk No. 20, he obtained three types of cells. The most 
abundant type was archaeocytes (non-specialized), and the other two were 
distinguished only by the pigmentation of their granules. According to 
Galtsoff, archaeocytes were the most active type of the cells, exhibited 
amoeboid movement and coalesced while in suspension. In 1925 Galtsoff 
observed that after disaggregation the cells slowly settled down. When 
the cells came into contact with the substratum, archaeocytes flattened 
out, adhered to the substratum and put forth hyaline pseudopodia. The 
active archaeocytes moved at the speed of about six-tenths to three and 
one-half microns per minute and changed direction at random about three 
times per hour. He also observed that under extremely favorable condi­
tions the movement attained a speed of about 20 microns per minute. He 
reported that a 2000 eel 1-aggregate was capable of forming a new regenerate. 
He also reported that in isotonic NaCl or KCl solutions, or a mixture of 
both, amoeboid movement was inhibited and cells failed to aggregate. 
Bivalent ions of Ca and Mg counteracted the inhibitive action of the 
monovalent Na and K ions. 
CHAPTER III 
MATERIALS AND METHODS 
One hundred and eighty adult salamanders, Triturus viridescens, were 
used In this investigation. They were obtained from the Carolina Biologi­
cal Supply Company, Burlington, North Carolina. The animals were 
carefully examined for infection and placed in aerated water in battery 
jars (ten per battery jar). The animals were fed with ground beef every 
five days and the water was changed every two days. 
All glassware and instruments used in this experiment were 
sterilized at 150°C in dry heat for two hours. The modified Ringer's 
salt solution was sterilized in an autoclave for 20 min at 15 lb of 
pressure. The operating tables were thoroughly cleaned with 95% alcohol 
before every operation. All windows and doors were kept closed throughout 
the operations. 
Calcium and magnesium salt components were omitted from the amphibian 
Ringer's solution which was used for tissue digestion. This solution was 
labeled "modified amphibian Ringer's salt solution," whenever it was 
prepared. Trypsin and KOH were used as the digestive components. The 
trypsin solution was prepared as follows. One-fourth gram of dry crystals 
of trypsin was weighed out and dissolved in 99.75 g of the modified 
amphibian Ringer's salt solution. 
The right fore-limbs of the animals were amputated through the ulna 
and radius, just above the wrists. Eight animals were used in each of the 
20 series of the experiments performed. Each series was assigned a letter 
code and a number. Some animals were re-amputated ten to 18 days later 
and slides were made and stained in order to determine at what period the 
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blastemata were evident. Twelve to 15 days post-amputation was found to 
be comparatively satisfactory. 
Each group of 12-15-day post-amputation were antisepticized in a 
saturated solution of P-aminobenzenosulfanamide or sulfanilamide for a 
period of ten minutes before their limbs were re-amputated. The 
blastemata were re-amputated just at the base of the regenerating caps. 
The blastemata caps were washed in the modified amphibian Ringer's salt 
solution twice. They were then cut into smaller pieces and digested in 
the prepared twenty five-hundredths percent trypsin solution for 24 hr in 
the refrigerator. After 24 hr, the tissues were transferred to a fresh 
trypsin solution at room temperature for one hour and then placed on a 
magnetic stirrer for two hours. After two hours on the stirrer, the 
solution and the cell suspension were transferred to tubes and centrifuged 
at a speed of 500 rpm. for ten minutes. The supernatant free of cells 
was discarded, and the suspended cells were washed three times in Earle's 
salt solution. Some of the cells obtained were cultured by the hanging 
drop method, and some were cultured in the wells of depression slides. 
These cultures were observed microscopically and photomicrographs were 
made at intervals of three, six, nine, 24 and 48 hr after the explantation. 
A greater portion of the suspended cells were cultured in the wells 
of depression slides sealed with wax, placed in Petri dishes and covered 
with a thin layer of cotton wool. These cultures were observed at 12-hr 
intervals for two and one-half weeks. At the end of the two and one-half 
weeks, the tissues were fixed in Bouin's solution, stained with Harris's 
hematoxylin and counterstained with eosin. Canada balsam was used for 
mounting. 
lit 
The medium used for culturing was chick plasma mixed with chick 
embryonic extract. Streptomycin and penicillin G were added to the 
medium in microquantities. Earle's salt solution was also used 
occasional1y. 
For an inmediate dissociation of the tissues, some of the 
regenerating blastemata were digested in a trypsin solution whose pH 
had been raised to nine. The tissues dissociated within ten minutes. 
The cells were washed four times in Earle's salt solution and cultured 
as mentioned above. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Observations which are recorded below were made microscopically and 
have been substantiated here by samples of photomicrographs taken from 
living cultures and prepared slides. 
Most of the studies were made on the smallest cell aggregates that 
were observed. This was found satisfactory because such smaller cell 
aggregates were easily focused on with high power objectives and the 
aggregate masses were observable under one field. If more than seven 
cells were clumped together and adhered or showed signs of adhesion, they 
were considered as an aggregate or potential aggregate and were watched 
with interest. 
In Figure 1 the blastema is shown just before it was digested in the 
trypsin solution. The photomicrograph taken from a slide was made from a 
15-day-old blastema (Fig. 2). 
A Description of Conditions of Cells Dissociated 
in Trypsin Solution at pH 7.!«. to 7.6 
and Explanted in Chick Plasma 
and Extract Medium 
At the time of explantation.—The cells were separated from each 
other and appeared larger. There was a very slow oscillatory movement of 
individual cells as well as masses of them. These oscillatory movements 
had a net gain in movement toward one direction. The direction of move­
ment has been indicated by arrows (Fig. 3). The cytoplasm exhibited 
streaming. 
Three hours after explantation.—The cells moved much faster than 
they did at the time of explantation. There were some Indications of 
adhesiveness among the cells (Fig. (*). 
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Six hours after explantation.—The aggregation became evident and 
the mass of cells aggregated increased in size. However, the individual 
cells became smaller in size. The aggregates moved at random as units 
(Fig. 5). 
Nine hours after explantation. The aggregates became more compact. 
There were indications of intercellular materials. There was a very slow 
movement of the cell masses (Fig. 6). There seemed to have been a center 
of attraction. 
Twenty-four hours after explantation.—The cells were compact and 
the aggregates increased in three dimensions (Fig. 7). There was a very 
slow movement of the cells at the periphery. 
Forty-eight hours after explantation.—The aggregates became very 
compact. There were visible intercellular materials which looked like 
connective tissue. The cells and the aggregates did not seem to be moving. 
However, cytoplasmic streaming was evident (Fig. 8). 
A Description of Conditions of Cells Dissociated in Trypsin 
Solution at pH 7 .It to 7*6 and Explantsd in Earle's 
Salt Solution 
At the time of explantation.—The cells were separated as indicated 
in (Fig. 3). They were large and active; cytoplasmic streaming was 
observed. 
Three hours after explantation.—The cells moved faster and began to 
form aggregates. The ectoplasm!c layer was compact (Fig. 9). 
Nine hours after expl antation.—The cells were much closer to each 
other and those in the central region of the aggregates seemed to be sinking 
into the medium. There was also evidence of adhesion (Fig. 10). 
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*These figures are photomicrographs. 
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(Explanation of Figures)* 
*These figures are photomicrographs. 
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(Explanation of Figures)* 
*These figures are photomicrographs. 
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Twenty-four hours after explantation.--The cells and the cell-
aggregates were not significantly different from their state at nine 
hours post-explantation, although intercellular materials were observed# 
A Description of Blastemal Cells Dissociated in a 
Trypsin Solution at a pH between 9 and 10 
The state of cells at the time of explantation.—There was a large 
amount of debris in the medium. The cells had very thin membrane through 
which intracellular materials were able to leak out; the cells were sluggish, 
and exuded a slimy material. The cytoplasm showed evidence of a high 
cytoplasmic streaming or activities. There were a few cells that 
ruptured and their cytoplasmic material was discharged into the medium. 
These intracellular materials that were discharged into the medium 
continued to move (Fig. 11). 
Three hours after explantation.—'The disintegration of the cells 
continued. They became very sluggish and most of the central cytoplasm 
was either lost or had moved to the periphery of the cell (Fig. 12). 
Six and nine hours after explantation.—The disintegration of the 
cells continued and almost all had signs of disintegration or leakage of 
the cytoplasmic materials. Cytoplasmic inclusions were observed 
scattered throughout the medium (Figs. 13 and 1^). 
A General Discription of the Observation on 
the Conditions of Cells 
It was observed that when the cells were highly dispersed, and 
stayed dispersed they never formed aggregations (Figs. 15 and 15«). When 
the dissociated cells were cultured close together, they aggregated very 
soon after explantation and laid down sizeable amounts of intercellular 
materials. Figure 16 shows how the cell mass looked nine hours after 
H ftoHcneIqx3) 
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PLATE VI 
(Explanation of Figures)* 
*These figures are photomicrographs. 
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PLATE VII 
(Explanation of Figures)* 
*These figures are photomicrographs. 
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cultivation. It was also observed that if the cells were cultured 
closely together, there were large eel 1-aggregates but few in number. 
When the cells were cultured farther apart from each other, there were 
smaller eel 1-aggregates but numerous in number. The number of cells 
in an aggregate was inversely proportional to the distance between the 
cells at the time of explantation and that the number of aggregates in 
a culture was directly proportional to the distance between the cells at 
the time of explantation. On several occasions, it was observed that when 
cells were cultivated in the chick plasma and chick extract medium, they 
underwent mitosis (Fig. 17). 
When cells were dissociated in trypsin solution whose pH was higher 
than ten, the cells disintegrated immediately and the cytoplasmic 
materials scattered all over the medium. No cells stayed alive for more 
than six hours. There was an almost complete disintegration of cells at 
the time of explantation (Fig. 18). 
Some tissues were dissociated in a trypsin solution at pH 7.6 
then cultured in chick plasma and extract medium for two and one-half 
weeks. At the end of this period, it was observed that the cells had 
aggregated, piled together and formed a tissue-like mass (Fig. 19). This 
tissue-like mass had very few cells and a lot of intercellular material 
as compared to a blastema directly from the animal (Figs. 2 and 21). 
Cartilaginous material was also present (Fig. 20). 
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PLATE X 
(Explanation of Figures)* 
*These figures are photomicrographs. 
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PLATE XI 
(Explanation of Figures)* 
*These figures are photomicrographs. 
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Moscona arid Moscona (1952) dissociated tissues from chick embryos 
into cells by using trypsin solution as the digestive enzyme. They re­
ported that the cells reaggregated after a day. However, Feldman (1955) 
reported that whenever he dissociated tissues into cells by using 
trypsin he failed to observe any reaggregation. Wolf and Quimby (1961+) 
dissociated cells with trypsin and cultivated them in chick plasma and 
extract. They reported that it was necessary to add a few amounts of 
trypsin solution to the medium in order to keep the cells separated. In 
this investigation trypsin solution was used and reaggregation was 
observed. This is in agreement with the reports of Moscona and Moscona 
and Wolf and Quimby. It could be assumed, therefore, that Feldman might 
have failed to completely wash out the trypsin solution from the cells 
before he explanted them to the culture medium. 
Holtfreter (1946) reported that alkaline solutions were very 
effective in dissociating embryonic cells. However, he pointed out that 
when the pH of the solution exceeded 9.6 the cells disrupted. This was 
found to be true in this investigation; it was observed that cells com­
pletely disintegrated 24 hr after association. Feldman (1955) made a 
similar observation. 
Tozer and Pirt (1964) found that calf serum had a growth promoting 
factor. Danes (1949) and Weiss and Moscona (1958) reported that they 
observed growth in cells cultivated in chick plasma and chick extract 
medium. The same medium was used in this investigation and in a few 
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isolated cases, cell division was observed. It was also observed that 
cells which were explanted in chick plasma and extract produced more 
intercellular materials than those cultivated in the balanced salt solu­
tions. This would indicate that chick plasma and extract had some of the 
necessary materials for the synthesis of the intercellular matrix. Gray 
(1926) reported that besides the protein materials necessary for the 
synthesis of the intercellular matrix, sodium, calcium and magnesium ions 
are also essential for the formation of stable insoluble protein compounds 
that are found in it. 
Galtsoff (1925) reported that calcium was necessary for the adhesion 
of dissociated sponge cells; however, Spiegel (1954 b) reported that calci­
um was not necessary for adhesion of the dissociated sponge cells. He 
reported that adhesion of the cells could be obtained merely by swirling 
the vessel gently. Spiegel pointed out that calcium was necessary for 
the movement of the cells. Pollack (1928) was able to demonstrate that 
the removal of calcium with calcium-precipitating agents caused inactivity 
and quiescence in Amoeba proteus and Amoeba dubia. 
Holtfreter (1946) suggested that the fundamental morphological and 
kinetical properties of embryonic dissociated amphibian cells resemble 
amoeba. Holtfreter reported that he observed numerous pseudopodia of 
various shapes in the isolated cells. Townes and Holtfreter (1955) re­
ported that although amoeboid movements were observed, they played a 
minor role in the process of adhesion of the dissociated cells. In this 
investigation, the numerous pseudopodia, as reported by Holtfreter were 
not observed, instead the dissociated cells exhibited an oscillatory 
type of movement with a net gain towards one direction. This type of 
movement could be the type which Holtfreter (1946) described as "circus 
movement." 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1. Twelve-to 15-day old blastemata were reamputated and digested In 
trypsin and alkaline salt solutions. The cells dissociated. 
2. The dissociated cells were cultivated in vitro in chick plasma and 
chick extract medium. Some were cultivated in Earle*s salt 
solution. They were cultivated for U8 hr and for two and one-half 
weeks. 
3. The cells reaggregated and cells grown in chick plasma and chick 
extract synthesized intercellular materials. 
k. There was a disruption of cells dissociated in alkaline salt 
solution of pH 10 or above. 
5. Cells cultivated for two and one-half weeks developed into a 
tissue-like mass. 
6. Although the mechanism of adhesion is not yet understood or 
properly explained, it may be concluded that dissociated 
regenerating blastema cells from adult Triturus viridescens are 
capable of reaggregating. 
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